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THE USE or ELECTROCARDIOGRAPHlC RADIO TELEMETRY 
TO DETERMINE HEART RATE IN RUMINANTS 
Abstract' 
John Russell Jahn 
Under the supervision of Professor Arthur E. Dracy 
This investigation was undertaken in an attempt to adapt recently 
developed implantable, elect:rocardiographic r dio telemetry instruments 
for use on large domestic animals and to use this method for the col­
lection of heart rate data. Previous experimental evidence indicated 
a distortion of physiological data caused by external attachment of 
electrocardiographic equipment and the close proximity of the investi­
gator to the experimental animal. With the development of the implant­
able transmitter, complete freedom was afforded the experimental animal 
during the collection of data. The following types of heart rate data 
were collected: the daily recording of heart rate prior to parturition, 
the intermittent recording of heart rate during parturition. the daily 
recording of heart rate post partum until a normal rate was reestablished, 
the :recording of the heart rate during the act of machine milking. and 
the recording of heart rate data during anesthesia. Incidental 
observations were made of strain contractions during parturition. 
Six pregnant ruminants w re used as test animals. These included 
two aged cows, two first-calf heifers and two aged ewes. A surgical 
implantation technique with proper orientation of the physical equip­
ment was developed� Daily heart rate recordings were begun on each 
animal after a postoperative convalescent p riod. The recordings were 
continued daily through parturition. The recordings during parturition 
were begun at the first signs of labor and continued, at intervals. 
until after delivery of the fetus. The effect of anesthesia on the 
heart rate and heart rate changes during milking were also recorded. 
The heart rate data collected indicated a gradual increase in 
the heart rate as parturition approached. A rapid rise began at the 
first signs of labor and reached a peak of 146 beats per minute for the 
cows- and 156 beats per minute for the ewes at parturition. Post partum, 
the heart rate gradually decreased to a low of 54 beats per minute for 
the cows and 96 beats per minute for the ewes. 
The heart rate increased as gestation progressed. The maximum 
heart rate recorded occurred at parturition. At this period of ti e, 
the stress of fetal delivery coupled with a rapid circulation would 
explain the tachycardiac conditions that were observed. Rather wide 
variations were observed between the species of animals as parturition 
approache , but there were similar heart rates observed at the actual 
time of parturition. 
· The recordings of strain contractions during parturition were a 
further indication of the stress undergone by the animal during this 
act. The general trend as toward an increase in number of contractions 
per minute as the actual time of parturition approached. The greatest 
number of strain contractions recorded was 22 per minute for a cow and 
13 per minute for a ewe. 
The hyperexcitability observed as the animal recovered from the 
effects of anesthesia was substantiated by the rapidity of the heart 
rate recorded during this time. The maximum heart rate recorded was 
144 beats per minute for a oow and 228 beat per minute for a ewe. 
The hart rate recordin·s of a fir_t .... oalf h if r and an a ed cow, 
during milking• � rified the observable actions of the animals during 
this type of ope�ation. The fi�st-calf h if rd monstrat d nervous. 
excited eondition during the first milkings and reached a peak of 102 
heart beat per minute. These condi t.ions became less evident a the 
animal became accustomed to the milkin act. No change in heart rate 
during the milking aet was recorded on the aged cow. 
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I TRODUCTIO 
ith the perfection of the transistor and the development of 
small• compact transistorized radio transmitters. a new era has begun 
in the study of animal behavior. In the past , the study of animals 
was limited to the observations gained by a trained observer plus a 
direct connection between the ex erimental animal and the physiological 
monitoring devic . The natural fear and excitability of the animal, 
cau ed by the close proKimity to the equipm nt and inve tigator. led to 
distorted and often inaccurate results. 
The transistorized telem try unit hav faci1itated the obs rva­
tion of experimental animals und r unrestrained conditions . With im­
plantable radio telemetry units, the e erimental nimal wa placed in 
an area co letely separated fro the inv stigator . Data were collected 
without the animal bein aware or conscious o f  the pre ence o f  the 
l 
experimenter. A11 unnatural wires, restraints and harness, necessary in 
previous phy iological tudies, were replaced by the implantable transis­
torized unit. 
Tbi investigation was undertaken to utilize these new instruments 
in a basic tudy to: 
(1) D v 1op a practical ethod of ad pting the lect:rocardio• 
graphic radio tele try instrument to the study o f  l r e  
omestic animals. 
(2) U e this 
d ta: 
thod for collecting t he follo ing heart r te 
a. D ily recording of heart rate prior to parturition 
2 
b. Intermittent recording of heart rate during parturition 
c. Daily recording of heart rate post partwn until a 
normal rate was r eestablished 
d. Recording heart rate during the act of machine 
milking 
e. Record incidental observations 
(1) effect of nesthesia 
(2) str in contractions during parturition 
REVIEW or LITERATURE 
The introduotion of the el ctrocardiograph by Einthoven (1906) 
opened a new field of heart research. This instrument facilitated the 
study of both human and animal cardiac responses. The standard three 
lead electrocardiograph has proven to be a valuable tool in the field 
of human medicine. The more highly developed nervous system of the 
human, as well as verbal assurance of safety by the operator, have 
removed the distortion of results caused by patient fear and excitement. 
This condition, however. bas be-en more difficult to overcome in the 
lower animals. 
Alfredson and Sykes (194-2) conducted an extensive research 
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program to determine the normal. eleetroeardiograph in dairy cattle. In 
these u,periments they used a modified standard three lead el.ectro­
oardiograph machine. The animals were conditioned to manual manipula­
tion prior to the collection of data. Ninety-seven animals were used 
with three recordings taken at monthly intervals from each animal. The 
electrode placement involved clipping the leg rea and vigorously rubbing 
electrode paste into the skin before the eleetr-odes were strapped on. 
The average heart rate for all cattle in the study was 71.6 beats per 
minute. The average heart rate for all. cattle over lS months of age 
that were studied was 67.8 beats per minute. 
Similar methods of proe dure were used by Sykes and Alfredson 
(1940) and by Sykes!.!.!!!.• (1952) in studying the effect of low potassium 
rations and thyroprotein, respeetively 9 on the heart rate in calves and 
mature dairy cattle. 
Larks !:.!. &• (1960 ) studied the f tal and maternal heart beat in 
cattle, sheep and ho rses using equipment simil ar to that used in the 
reco rding o f  human fetal h art beat . 
investigat d on the animal bo dy befor 
Various electro de positio ns wer 
a satisfa cto ry fetal heart beat 
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co uld be recorded. The electro des were attached externally to the animal 
by the wo rkers holding the against the animal 's skin after the area had 
been clo sely clipped, shaved and rubbed with electro de paste. During 
the co ll ctio n o f  data . the animal  was restrained in a squeeze chute or 
stanchio n. The results o f  the s tudy were that the maternal heart rate 
in a Holstein cow, ix and one-half months pregnant, was 84 beats per 
minute. A second Ho lstein co w a t  five mo nths o f  pregnancy had a heart 
rat e  o f  96 beats per minute. The matern 1 heart rat e of a ewe was 96 
beats per minute. 
With the inventio n of the transisto r and the consequent study 
to ward its daptio n to the bio lo gical field . the transition fro th 
cumberso me stat ionary el ctro cardio graphi c pro cedures b gan . £1ectro­
cardio graphic radio telemetry wa firs t  adapted fo r use o n  humans. Barr 
(1954) d use o f radio telemetry fo r collecting vario us types of  
physiolo gic al.  data fro m pilo ts enga ed  in potentially ha zardo u flights. 
The electro cardio graphic portion o f  the system consist d of silver plate 
electro des appli d at the standard lo catio n s. Th data were tran mitted 
fro m the airpl n to the ground using the regul.ar ultra high frequency 
equip nt of the craft ' s  radio system . The signal were received on 
tandard ul.tra high frequency receivers attached to reco rding equip ent 
fo r permanent reco rd o f  the data. This type o f co llectio n equipment was 
sat! factory as long as the patient r mained stationary. 
To study uman behavior on freely moving ubjects , required the 
d velopment of a light . portabl telemetry pparatus that would not 
interfere with the patient 's normal move nts. Park r !.! !!• (1953) 
developed  an instrument . carried by th patient . for transmission by 
r dio of n electrocardiogram from a freely moving subject. Dombrovskii 
and Rozenglat (1959 ) developed a portable telemetry pack for us in the 
study of athl tes. The un it weighed 350 grams and was worn as  a helm t 
with electrode bands around the chest. This allowed maximum freedom of 
movement by the subject during the athletic  events on which electro­
cardiographic data w re collected. Standard radio r oeiv rs  were used 
f or the reception of the transmitted signal . 
Sullivan and  Bre don (1961 )  eveloped a telemetry pack for the 
collection of physiological data from human subje cts. This pack con­
sist d of  a vest in whi ch the various r dio components nd batteries 
were cont ined in pockets. Chest lectrodes were us d to collect the 
electrocardiograpbic data and a standard frequency mo ulated receiver 
and recorder w re used to receive and record the transmitted signals. 
The vest allow d maxi um freedom of movement by the subject under 
investigation. 
As the t l.emetry unit b ecame more compa ct, "  wallowable11 trans­
mitters w re develop d for the study of int stinal pressure , tempe rature 
or pH  asuI'ements. MacKay an d Jacobson ( 19 5 7 )  used thi type of trans­
mitter in an intestinal pH stu dy. The capsule was swallowed by the 
person and the frequency change on a standard radio receiv r indicated 
5 
the change in hydrogen ion con e  ntration during the pas age of the unit 
long the intestinal tract. 
A surgically implanted tran mitter, used in animal , was reported 
by L unyan !!. !!_. (1959). The transmitter weighed 122. S  grams nd was 
powered by two 1. 3 volt mercury hatter! • It was incapsulated in foam-
ing polystyrene for rigidity an d then  covered with oxyre in for mois­
ture protection. The unit wa installed intr - eritoneally in captured 
woodchucks. The purpose of the unit was to locate the animal in  its 
natural.  habitat after its initial rel ase. The transmitter sent out a 
continuous signal that could be  recei ved by a mobile unit at a dista nce 
of 25  yards, when the an imal was above ground, and 18 yards when the 
animal was h low ground. 
Kaeburn (1959 } as the first investigator to surgically implant 
a telemetry unit for the collection of lectrocardiographic information. 
The very high fr quenay (VHF) unit was 2. 5 inches long  and was subtler-
lly implanted in dog. The actual sutures , h old in g  the unit, erved 
as electrodes. A recharg ahl , miniature, nicke l-cadmium battery served 
a s  the power source . A standard VHF r c ei ver attached to a r corder 
r e i ved and r corded the lnco in si na.l. 
Electroc ardiographic stud! s were conducted by Essler (1961) u in 
rabbits, cat nd dog as xperim ntal animals. Two typ s of in trument 
placement w re used. The first type was an external transmitter with 
surgical.ly implanted electrodes . The second type cons ist d of the com­
plete unit , transmitt r and electrodes, surgically implanted. The units 
were five c ntimeters long and w re  powered by mercury batteries. The 
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battery life was approximately 37 days . The external unit required 
tr ining the animal for several months to  accustom it to wearing the 
harnes containing the t�nsmittez,� The tantalum elec·trodes  w re 
implanted week in advance of the experimental period ne.ar the eap\tla 
and the fir.st lumbar vertebra. The impl ntable model of the unit eon• 
tain d stainless steel eleett'odes and was dipped four times in liquid 
plastic to seal the unit a ainst moisture . The unit was implanted in 
the abdominal cavity of a rabbit. One electl'.'Ode was placed in th 
lower right portion of the abdomen and the other electrode was on or 
near th& diaphragm near the apex of the he rt . The transmitter rested 
on the ventt'a.l a dominal wall supported by the abdominal muscles . The 
r cordings by Essler consisted of 2lf, ... and 72-bolll:' experiments in \ihioh 
normal daily h . art rate fluctuations were d�termined . The signal from 
the transmitter was rec ived on a standard communication r ceive:r 
attach d to a recorder . The heart rate r cordin s were lower than the 
normals given in a b.iological handbook . This was at'tributed to the 
f ct hat the animals were in a true re tin condition fre.e from 
external intel'.'ference . 
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Sullivan et al . (1961 ) , in. werk supported by th United States A ir --
Force Spac Systems Division , realized the advantages of internal animal 
tele .try . The conveni nee of pX'e-instrument d animals , free from exter­
nal re traints or connections allowed the continaous recording of phy io­
logical data from animals in their natural state . The test nimals used 
ere Balcone-s laboratory strain rhesus monkey . The electrocardiographic 
units were coated with Dow Cornin RTV Si1astic . This mate.rial was 
found to be b iologically in rt and provided a soft surface to minim ize 
organ trauma. Standard operative procedur was used in preparing the 
animals for the laparotomy. Various types and locations of electrodes 
were inv st igated. The electrodes were either hooks of stainless steel 
or two by two centimeter screen mesh. For maximu reception . the 
inferior electrode was attached to he latel'al crest of the left ilium. 
The superior hook electrode wa - attached to the sternum. When wire 
m sh was us d in place of the hook for the supe rior e.lectro es, it was 
sutured to the abdominal side of the left diaphragm. After postopera­
tive conval scenee . the animals were subj ected to environmental te ts 
to study the e ffect of  acceleration and random noise. At the time of 
the presentation of  the paper , th units and animals wer still func­
tioning after an eight-month period. 
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Ettelson et al. ( 1961 ) •  in work supported by the al1istic Missi1e - -
Divis ion of the Unit d States Air Force, contin ued the investig tion 
begun by Kaeburn (1959). In this experiment, Balcones laboratory strain 
rhes us monk ys were also us d. The amplitude mod ated (A ) unit 
utilized a r chargeable n ickel-cadmium b ttery with a longer battery 
life b tween charg s th n the battery used in th init ial xperim ant. 
The monkey was prepared  for surgery and a mi l ine abdominal incision 
was made. The peritone cov ring the left kidn y w s divided and the 
kidney refl cted. Th transmitt ing port ion of  the unit was placed in 
the left posterior gutter of the peritoneal ca1/ity and sut ured. The 
kidn y was then allow d to lay back on the Wllt. The hook electrodes 
were attached to the lateral portion of the i1i and the sternum. The 
antenna for signal reception from the unit was incorporat d into a fibor­
glass couch in wh ich the animal was placed d ring the experimental 
testing. A standard AM rec 1ver was used to pick up the transmitted 
signal. After a postoperative convalescence, the animal s  were given 
nvironmental tests in a Wyle aentrifu e to determine the effect of 
acceleration, noise and vib� tion . At the beginning and nd of each 
ay ' s  test, e. physical examination wa s given the ani nal . At the writing 
of the report, the unit had been functional for four months with no 
ill effects o the animal. from th implanted unit. 
The revi w of liter. ture indicates that the use of radio t leme­
try , in biological inve tigations, is still in the experimental stage 
of development. The individual. development of units suitable for a 
particular type of st dy and th tecllnical knowledge require for proper 
functioning has limited the general usefulne s of the instrument in 
phy iological studies . The previous animal studies have. to a great 
degree , b en incidenta to the perfect i n of  the performance of the 
telemetry units . In th telemetric investigations to date I human 
subj ect s  have been more extensiv ly inve t i  ated than have domestic 
anima ls .  The development of t el.eretry t ohniques. applicable to the 
large a.ni al . for the coll ction of physiological at is an exp ored 
segment in th fie of biolo ical invest igatio . 
10 
PROCEDURE 
Thes experiments were conducte on pre ant ru inants . Two aged 
cows , one Guernsey fo . 9 86 and on Holstein No . 216 9 , ere us.ad. Two 
2-year old heif rs , o. 35 and o. 169 , were also employed. In addition , 
two aged wes ,  No . 44 and o.  48 1 were used as experimental subject . 
The units wer in stalled an d the studie  terminated on the following 
dates . 
Animal Number Date Unit Installed - -
2169 September 18 , 1961 
986 Octob r 14 , 1961 
44 January 13 ,  1962 
35 February 28 , 1962 
48  �arch 2 .  196 2 
169 arch s .  1962 
Transi 
Study T rminated 
ovember 13 , 1961 
October 31 , 1961 
January 30 , 1962 
June l ,  1962 
March 15 , 1962 
M y  7 ,  1962 
The tel etry units e in this proj ct were a odific tion of 
the original de ign by Essler (1961). For this  investigation , a unit 
1th a great r range an d long r batte ry lif e  than the origin al mod l 
was n ce sary. An adequate modification was desi gn d, built and t ted 
through th joint coop r tion of Es ler nd Rahm ( ee acknowl d m nts ) . 
Six modi fi d eiectrocardiogr phic 
Rahm for u e in this project . 
itter units were construct d by 
Each unit had the out id di n sions of 4 . 5  cm .  x 3 . 6 cm . x 1 . 5  
c .  and was powered by a l. 4 volt mercury b attery . The transmitting 
range of the units  was four to fiv feet from the ant nna. Therefore , 
an enclosure with a maximum width of ight to t n feet permitted good 
c ption when the animal w as equ idi tant from e ither side. The length 
of the enclo ure or the dist ne of the enclosure from the receiv r did 
not affect th quality of sign 1 reception. 
The unit · were composed of two component parts , a transducer 
and a transmitter. The method of operation for the units was as 
11 
follows � The he rt ,. during contraction , s nt out bioel etrioal imp·uls s .  
Due to the distance of the v rious bo p art and the variable resist­
ance produoed by structural differences in the body , differences in the 
electrical pot nt ial developed at differ nt points on the. body . The 
transducer of the telem try un it received the electrical potential 
difference between two points on the animal  body through the electrodes . 
Thi electrical potential was a plified to a magn itude detectable at the 
input of the transmitter. This potential produc ed a frequency shift , 
in the oscillator portion of the trans ·tt er , as the electrical poten­
tial  varied ith the voltage applied to the input . These o cillations , 
in the form of leetrical ignals , were received by the loop antenna 
surrounding the area occupied by the anima l. 
The unit was seal  d in a polystyrene case. The electrode w ir s 
extend d from the unit• the length depending on the size of the animal 
for which it wa intended. Belden insulated m ulti-strand hook-up wire , 
maximum rating 1 , 000 volts , was used to connect the unit with the stain­
less steel l ot�odes . The electrodes consisted of loop s  approximately 
l . 5  cm. in diameter. A strong mechanical connection was made betw een 
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the wire and the electrode .  The connection was soldered and covered 
with methyl methaearalate aaryli c resin to tb.e insulation of the wire to 
form a waterproof seal . 
When the unit was prepare d  for use .  a fresh battery was installed 
and the whole tinit , exoluding the electrodes .  was dipped four to s ix 
ti s in a l iquid plastic (Tygon 1 cl ar K-83) . Sufficient time. was 
allowed for each coat to dry befON the next w as applied. The plastic 
served to completely waterproof the unit against entrance of any tissue 
flui ds .  Figure I shows complet e  unit ready for implantation after 
the a ddition of the plastic coating. 
Preoperative Animal Restraints 
Several typ-es of restraints wer,e used during the administrat.ion 
o f  the anesthesia in order to determine the best ty e to give maximum 
protection to the auimal before becoming uncon sc ious . This factor of 
injury from falling. ither to th cow or the fetus . became mol\ 
important s animals in advanced pregnancy were used for the eolleetion 
of physiological data . Restraint with a rope halter in a pen was not 
sati factory . The size of the animal made its movements, when partially 
unconscious , too difficult to aontrol. 
A hoof trimming table  was cons idered as a po s ible solution . 
This worked very well for controlling the animal during anesth sia 
administration, but after the animal was unconscious and the table tilted 
toward the horizontal position, all or a great majority of the animal ' s  
weight wa s upported by the restraining band around the abdomen with the 
resulting pressure being transferred to the fetus. 
1 3  
Figure I .  Complete e le ct rocardiographi c  telemetry unit  
1 6 2 7 0 2  
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The mo.st satisfactory restraint for anesthesi zing the animal w as 
the use of a stanchion. During the injection of nembutal• the head was 
sec�red with little difficulty by a rope halter or nose lead .  A s  the 
animal began to lose ,consciousness , its movements were controlled in the 
stanohion until the animal was down. After the animal was anesthesi zed ,  
the stanchion and halter were loosened allowing the cow comparative 
comfort during the actual operation . 
The difficulties previously described were not encountered with 
the sheep due to the smaller si ze .  They were restrained by manually 
setting them up and holding the head -while the ane$thesia w as injected  
into the j ugular vein . When they became unconscious , they were place d 
on the ri ght side in a prone position and prepared for surgery in a 
manner similar to the cows . 
Surgical Implant�tion. T�chniques 
As previously note d in the review of literature , the implantation 
of transmitters in the smaller animals was accomplished by 1aparotomy. 
Because of the s i ze of the ruminants , p articularly cattle, intraperi­
toneal surgery w as more difficult. In view of this di fficulty, a 
subcutaneous location on the thorax was selected as the first step in 
adapting the telemetry units for use on large animals. 
The initial s ubcutaneous implantation was performed on a dog . 
General anesthesia of 30 milligrams of nembutal per kilogram of body 
weight was injected into the brachia! vein . The operative area was 
shaved ,  washed and disinfected.  An incision was made on the left 
thoracic wall through the skin on a line from the ventral attachment of  
the fourth rib oblique to the mid-point o f  th sev enth rib. The skin 
was separated from the underlying connective tissue over an area large 
enough to contain the unit and the electrodes . Th.e unit and the elec­
trodes were not sutured to the body wall , but were held in place only 
by the area of connective tissue separated from the skin. The incision 
was closed with size O catgut and the dog was returned to the kenne l  
for recovery . At the end of a two-day period .  the dog had sufficiently 
recovered from the surgery to hegin the testing of  the unit . 
The transmitting ability or the unit, imp lanted subcutaneous ly 
on the thorax, proved satisfactory. A strong signal wa s received. The 
posit ion of the dog, stand ing or lying, did not a ffect the strength of  
the signal received . 
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The success of  the original operation and the strong signal 
p!'ompted further investigation towaPd adapting the unit for large 
animals. After studying the eKternal contour of the cow, the depression 
posterior to the shoulder, or crop, was selected as the logical pla ce 
to implant the unit. This depression o ffer,ed the greatest protecti on 
against the phys ical damage of the unit. The p lacement of electrodes 
was not considered important at this time. When the unit was prepar ed 
for im plan'tatJ.on, the electrode length wa s me sured so that the fin a l  
electrode placement wouJ.d be equidistant between the ventral and dorsal 
line on. both aides of the animal. 
The cow wa$ prepared for surgery by clipping and washing the 
operating area. The operation was performed ir:i a sma ll pen having the 
dimensions of eight by thirteen feet. The animal was restrained by a 
ro halter while the neral anesthesia was admi ister-e into th 
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j ugular eln. The anesthesia was 30 millig:rems of nembutal per kilogram 
of body weight given in the form of 6 per a nt solution. The gr atest 
danger encountered w ith this phase of  the operative procedure was injury 
to  the animal from falling whi le the ane thetie was being a inistered 
and taking effect. A very slow rate .of anesthetic administration allo· ed 
the animal to lie down without unn cessary excitement or falling. 
An inciaion three t o  four · nche long was made through the kin 
in th depressio b 1 in th  le.f • boulder. 'fhe skin was separated from 
th underlying oonnectiv tissue ove� an area of approximat ly thr e by 
three inches forming a pocket for th• unit. From th original incision . 
a stainle s steel needle , 27  inches in length , was inserted. between the 
skin and the subdermal tissue. A small incision was ma de 011 th side of 
the anim l in the location of  the fin al electrode placement , an d t he 
n .  edle as passed tbrou h this incision. Wi.th the fle)(ible needle it 
wa  possibl to pass over the spinal column and down the right side of 
the an imal w ith co parative ease. A length of umbilical  tape was 
att ch d to the needle and was drawn f m the transmitter through the 
maller incision. T he electrode was a ttaohe to the wnbilical tape and 
was pulled into pla ce. Tha umbilical tape wa cut. freeing the e lec­
trode. Th is procedure was repeated on the oth er side of the animal 
and the unit was inset:'ted into the pocket. The inoisions were closed 
with size O catgut and the animal was al1owed t o  recover. 
Three days postoperativ • a loop ante 11a w · con truet d around 
t e stanchioned ani al and a reception check w as begun. No heart beat 
was received from the ani.mal. Placing the antenna directly over the 
skin area occupie d by the unit produced a weak erratic signal. Under 
general anesthesia • the unit and electrodes were removed from the 
animal. 
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After sufficient time for recovery had been a llowed, an investi­
gation was made to determine wh t factors caused the weak signal. The 
same animal was used a in the previous ope�ation. In this procedure , 
the teL metry un it was used externally. In place of the stainless steel 
el ctrodes , stainless teel needles were attached to the unit. Th-e 
an imal was given a local anesthetic of 3 per cent procaine in a band  
surrounding the 'thoracic cage in line with the shoulder depression . Into 
this anesthesized  band , the needles were inserted through the skin in 
various locations extending down from the mid-dorsal lin-e 'to determine 
the best location for aximum signal reception. 
The orientation of the unit in the shoulder depression  was satis­
factory. The actual location of the electrodes determined the stren gth 
of the signal to be transmitted. The best electrode p laoement was 
obtained when the left electrode extended down the body wall. to a point 
n ar the mi d-ventral. line behind the left foreleg ,  with the right elec­
trode pl.aced i n  the shoulder depression behind the right shoulder. With 
thi combination , a maximum electrical impul.se was received from the 
heart an.d tran smi tt d by the un it . This procedure was followed for 
b oth the cows and the sheep. The actual site of implantation of the 
un it remained the same throughout all subsequent operations. 
To s gr at d gr e a  po s " ble under a b· rn sit ation, steri 
co, itions ere m aintaine throughout the operative procedur . The 
ur ic l in tr ent , tow l • swabs and drapes were autoclav d prior t o  
us e  under 15 po ds of p essure. 
Aft r t e  incision a closed , the operat ive area was f ely 
fl h- w ·th hydro en peroxide and th incision pain d with 2 per cent 
tinct ure of iodine. Surgical d ssing was not appl ied to the incision. 
As an ded pr caution aga inst inf ction , 1 , soo, 000 Oxford units of 
procain p ni illin wer inj ected intra u cularly into each cow and 
600 ,000 Ox.for it into each heep. A two to thr ee day postop rative 
conval sc nt per iod was allow d each animal before the collection of 
data as begun . 
The follow ng sequence of pictures (Figures II  and III ) d pict 
stag befor • d uring and after the co pl tion of th operativ 
p oo dure . 
R oeiving Antenna Orientation 
Several roblems h d o be overcome before a suitable antenn 
was p rf cted. Th problem wer due o th int n n of the proper 
ori nt tio between h tel try units and the loo of th nt nna. 
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By way of xplanation of the pt-0 lems , the loop nt n a act a 
coupled coil w · th t e oscill tor coil 0£ t e unit. T antenn 
loo ely 
ust, 
therefore, b in t e same plane as th o cillator coil for m ximum ig­
nal rec ption. Due to the fr edom of  movement afforded the animal in 
this sy tem, moro than single  loop antenna wa requir d . To cite s o  
examples : The o c illa or coil in the unit was oriented in a horizontal 
Figure I I . Cow number 35  before and during 
the operative procedure 
19 
/ · 
Figure I I I .  Cow number 3 5  during and after the completion 
of the operat ive procedure 
20 
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position in the animal . A single loop around an enclosure on a level 
with the unit provided · good reception while. th ani l w as in a standing 
position ,  but was ineff otive when the an imal was lying down. Also , two 
ingle antenna , one at standing height and another at the height when 
the animal was lying down . did not produce good reception when the 
animal ass d a near prostrate position while straining during the act 
of parturition . 
Two types of antenna orientation were developed that had equal 
reoeptive power. The first type, for use in long narrow enclosures , w as 
a single continuous wire orientated in an X design . The plane of recep­
tion w as along a line from the base of one leg of the X to the top o f  
the same l.eg. This design was ef fective as long a s  the animal remained 
paral.lel with the long axis of the pen. If  the animal was allowed to 
stand parallel to the short axis of the pen, no signal reception was 
possible. 
The second typ o.f antenna was suitable for all types of enclo­
sures. On _ continuous wir was wound at th� e lev ls , with two loop 
at each level , completely around the nclosed are a . The first loops 
re at the floor level , the s cond loops were at a height e q  al to the 
unit when the animal was lying down , and the third loops w ere at a 
height of the unit when the animal was tanding . The three set of 
loops . from a continuous wire , er ated many planes o f  reception insi de 
the enclosure . The animal . therefore ,  in any position remained in a 
plane of reception. However. wh n the animal w as lyi ng down in the 
center , equidistant from the four sides, thi s  particular position did 
not transmit a suitable s ignal . 
In the two antenna arrangements, the wire was the same type as 
used in the electrode leads on the unit. The two free ends of the 
antenna wire were connected dire<rtly to the receiver wh ich was located 
in a room adjacent to the barn area oeeup ied by th _ animals . Figure IV 
pictures a pen equipped with the three .l9vel antenna arrangement. 
Re<Je.�ving, T_ransm,itt;ing a:nd Rec:or.ding Ecnii2-nt 
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The AM  radio reeeiver use d  in thi s  study consisted of a BC-453-13 
Sigaal Corps reeeiv r converted. fo,r operation w ith 110 volts ele-ctricity. 
This reeelve:r, operated over a frequency range of  190 to 5 50 kilocycles. 
The operation pr ineip1.e of thi reoeive.r . with tbe 'telemetry units , was 
as follows t The incoming electrocardiograpbie signal fro1&_ the antenna 
operated up to 100 cycles per second. The aud io section on the rec iver 
was 1-irnited between 200 to --2,000 cycles per second. Th refore, in order 
fol:4 an audio s ignal to be produ ced by the rec iver into the speak r, the 
incoming electroc.ardiogra.ph ic signal was beat against the beat frequency 
osc illator of the receiver. The frequency of the receiver vai--ied as the 
fr quency of the incoming signal varied, produc ing an audio sound with 
each heart beat of the animal. 
Each telemetry un it was tuned to a different frequency determined 
by the number of windings on the oscillator coil in the unit. The fr -
queneies o f  the units in th is study wer in the 200 to 400 kilocycle 
range. This range was found to be comparatively free from interference 
xeept for several a irport weather stations. The power of these stations 
overpowered the el.ectrocardiographic signals when the frequenci s of 
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f igure IV . Pen wit
h three- level  anten
na arrangement 
transmission were similar. 
A H athki t Model • FM-4, frequency meter was used in this study. 
The purpose of tb frequency meter was to take the au dio signal produced 
by the reoei ver and transfer it again into elec;rt�ioal energy . This 
en rgy could then be used to drive a Sanborn odel 960 electrocardio­
graphia recorder to produce a record of the physiological data. 
The eiectrical signal from the frequency ro ter activated the 
,ri ting stylus of the recorder and reproduced an electrocardiogram. The 
recording chart was run at the standard el  ctroeariographio speed of 
25 mill.imeters per seoo d. Figure V pict ures the :receiver, speaker, 
frequency meter and recorder used in this invest igation . 
Physiologic l Data Co]J.ected 
The physiological data aolieet d d in this investigation w r 
confined to the following reas :  (l ) dai1y recording of heart rate 
prior to p rturition , ( 2 )  intermittent r cording of heart rate during 
p rturition 1 ( 3 )  daily recordings of h art rate post part n until a 
nomal he rt rate was reestablished, (4)  recording heart rate d�ring 
the act of machine milking, and (5 ) recording incidental observations. 
Following th implantation of  the nit in the animal, recordings 
w re begun. The prepart heart rate was recorded daily on each animal 
prior to arturition . 
DuI'ing the act of parturition, recordings were begun at th 
first  signs of labor and were continued at timed intervals during the 
delivery of the fetus. Tb recording interval varied with the tage 
of parturition, being five to fifteen minutes in the early stages t o  
Figure V .  Apparatus utilized  for collect ion of data 
in this inves t igat ion 
2 5  
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almost oontinuous immediately px--ior to delivery. 
Post partum recordings were taken daily unti l a stable heart rate 
w s r estab1ished. 
A recording was taken during milking on o ne of  the aged cows 
( o.  2169) and one of th first-calf h ifers (No. 35 ). These recordings 
were taken t wo to three days following parturition and removal o f  the 
calf. A milking  machine was used during these recordings. 
Severa other types of physiological recordings were obtained . 
The location of the operative procedure on one cow ( o. 35 ) and one 
sh ep (N.o. 14) made it  possible to recoz�d the heart rate of the animals 
im ediately postoperative , while still under the effect of th anes­
thesia . During parturition , it was noted on ·some of the animals that 
a d  finite pattern was record d from tbe muscie eont�actions during 
straining. Ou the ani a1s wh re these trains were suffic · ntly strong 
and clear • the number and individual durations were determined during 
one minute intervals. 
IBSULTS D DI cussro 
The heart rate data collected on ach experimental nimal are 
pres nted in Tables 7 ,, 8 • 9, 10 • ll ,nd 12 in the Appendix . These 
tables ina.lude the daily pr partum record, t e intermittent parturition 
record a d  the daily pos partum record on each anim 1. (Cow No. 986 
calved at 6 : 45 p. m. on October 24 • 1961 . A malfunction of the record-
ing instrument prev ented the collection of ta until 6 : 5 3 p.m. Ther -
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fore • onl the post partum p rtion of the parturition record is included 
in Tabl a. ) 
The heart rat d ta  show a radual increase in th heart rate a 
part�ition approaches, a seen in Figure VI. This cond ition would be 
exp cted du to the greater load pl ced on the mat �al circulatory 
ystem by the incr ased d mands of the growing fetu . In the study by 
Larks et al . { 1960), using �tandard electrooardiogra hie equipment, a --
heart rate of 84 beats per minute as report d for a cow six and one­
half onths pr gnant. This would appear to be similar to the rates in 
this study . How ver, it would be diff icult to make any specific c om­
parison betw en a single h .art rate record and the daily recordings 
that et'e taken during this inv s tigation. The heart rate of 96 beats 
p r  minute reported by Larks et al. (1960) for a pregnant ewe was low r ....... .......  
than any prepart'WD recording of the wes used in this inv tigation. 
Larks , ho r. did not specify th time during gestat ion that this 
heart rate was recorded. 
i---:----,----,r----,r-----�--- - - --- -
Figure V I . Graphic i llustration of  the daily he art rate 
fluctuations of experimental an imals 
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able l present the daily heart �ates and the avera for the 
t en-day prep rtum period for the cows. Aged cow s • o. 2 169 and ... o. 86 , 
had an average heart rate of 85. 2 and 79 beat s  per minute , respectively ,  
during the period. The heifers, o. 169 and No. 35 • during; a similar 
period ,  had ver ge heart rates of 9 3.4 and 92 . 4 beats per minute, 
r spectively. The tenth day recordin for o .  986 is missing. The unit 
was installe d  October 14 , 1961 and recordings were not b gun until 
October 16 , 1961 . 
five-day prepartum heart rate comparison of the she p is pre­
sented in Table 2 .  During this period o f  gestation , sheep o. 48 had 
an average heart rate of 108 beat s  per minute .  She p o. 44 had an 
verage heart rate of 104 be ts per minute. The second and third day 
recordings for o. 44 are absent , caused by radio interference due to 
atmospheric conditions . 
The a verage heart rates  presente in Table s 1 and 2 sho a 
similarity betwe n the groups of anim als . The aged cows ( o .  2169 and 
No. 9 86 )  have slower h art rat than the hei fers ( o. 35 and o. 169 ). 
This  cond it ion was also found in the study by Alfr dson and Syk s (1942) . 
The two aged ewes also showed a simil r heart rate av rage durin this 
ti • 
A comparison of the heart r tes i diately preceding and fol-
lowing parturition ar given in Tables 3 and 4. In Table 3 ,  the heart 
rates r cor ed for the cows one hour prepartum s was 108 b at per minut e 
for o. 2169  and o .  �s . o .  169 had 126 heart beats per minute. At 
30 minutes prepartum, o .  2169 again had 10 h eart beats per minute. 
Days 
10 
9 
8 
7 
6 
5 
4 
3 
2 
l 
Average 
Days 
5 
4 
3 
2 
l 
Av rage 
Table 1. Comparison of Heart ates, in Beat P r Minut , 
of Cows Ten Day Prepartum to Parturition 
Cow o .  2169 Cow No. 986 Cow o. 169 Cow No. 
84 (no record )  84 90 
78 72 78 90 
90 66 102 90 
78 66 96 96 
84 96 96 96 
84 84 90  96 
90  84 90 96 
96 84 90 96 
78 78 96 84 
9 0  84 102 90  
85. 2  79. l 9 3. 4  92. 4  
Table 2. Co pari on of Heart R tes ,  in Beats P r  Minute,  
of She p Five Days Prepartum to Parturition 
Sheep o .  44 Sheep o .  
10 2 108 
10 8 114 
(no record ) 108 
(no record ) 10 2 
10 2 108 
104 108 
30 
35 
48 
l 
Table 3. C m r so of H rt . at • in Beats Unute , 
of Cow Ou:I,_ing rturition 
Stage Cow No. 2169 Cow o . 986 Co o .  169 Cow No ., 35 
On bOU?' 108 0 ecord 126 108 
p part 96 fl .126 120 " 
96 
108 n 126 90 " 120 
96 " 126 114 
90 n l.26 120 
102 tf 126 132 
30 min . 108 l.32 120 
p:repartum 120 ft 
120 " 26 126 
114 " 138 
120 t r  126 138 
114 ,. 13 
126 u l.26 120 
126 " 1 32 150 
120 " 
138 n 144 111i 
126 " 
126 " 126 46 
120 " 132  
10  ,. 138 
120 tt l 4 126 
P rturition 144 0 cord 144 146 
120 96 1 32 
108 126 
126 102 138 
108 l.32 
120 1 32 138 
90 6 l.26 
96 1 20 138 
30 in. 84 96 114 126 
ost partum 
Table • Comparison of He t A at es. in Beat Per Minute , 
of  Sh ep D ring Partu�ition 
Stag Sheep No. 44 Sheep o. 48 
30 in. 
prep rtum 
15 min. 
pl' part:um 
Partu:x i tion 
15 min . 
post partwn 
t o. 16 9 had risen to 132 and o . 
No reoord 
t1 
H 
" 
132 
138 
144 
156 
162 
138 
156 
No record 
35 to 120 heart 
13.8 
144 
156 
156 
126 
138 
144 
138 
150  
150  
156 
150 
1 0 
138 
beats per minut at 
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thi ti • The n ·  er of heart beat per min te at the ti1 e of parturi-
tion was 144 for both f o . 2169 and o .  16 • and 146 for o • 35 . For No . 
2169 aad o .  169 , t e he·· rt rate t parturition was the highest recorded 
for those animals under atural condit ions. o. 35, during the 30 minute 
pr partum period, reached 150 beats  p r  minu.t • the xim . rate for this 
animal. Thirty min tes post partum,  the h art rate for No. 2169 and .fo . 
986 had ubsided to 84 and 96 beats per minu e respectiv ly. , o. 169 
and No . 35 had dec�eased to 11 and 12 - heart beat per minute. 
In Table 4 1 no record ing was available for sheep No. 44..• 30 
minutes prepartum an d l.5  minutes post partum, because of poor ra dio 
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reception. At 30 minutes prepart , Mo. 48 had a heart rate of  138  beats 
per minute. Both animals had a heart rate of 138 beats per minute 15 
minutes before parturition and 156 beats per minute at partu;rition. o .  
48 had a heart rate of 1 38 beats per m inut at 1 5  minutes postpartum. 
The heart rates of the animals reached a maximum  at parturition . 
with the exception of cow o. 35 . The heart rate of th is animal was 
high st  during the 30 minute prepart period , A maximum heart rate 
woul.d be exp cted to occur at this  time . The stress of the animal 
during delivery of the fetus was greater than that exper ienced under 
normal conditions. Tachycardia, w ith a resulting rapid circulation, 
wou1d be expected. The t ables sh ow that th re is a rather wide flu c­
t uation of heart rates , between the cows and the sheep, during the 
period immediat ly prepart um. The heart rates at parturition are 
similar. It would appear that the maximum range of heart rate for both 
cow and sheep is reached during parturition. 
Figure VII is a representat ive sample of the heart rates I'ecorded 
on cow No. 2169. The graphs show the variations in heart rate for the 
periods two days prepartum, the day of parturit.ion before labor began, 
the rate at parturition and the heart rate one eek later. These rat s 
w re 78, 96, 144 and 60 beats per minute respectively. Each aj or peak 
on the graph r presents a heart beat. 
Table 5 presents the number and durat ion of strain contracti ons 
during parturition over one minute time periods. Cow } o. 2169  calved at 
1 : 01 p . m. During the time 12 : 51 to  12 : 52 p. m., ten contractions were 
recorded with an average d uration of 2. 7 seconds . From 12: 56 to 12 : 57 
Prepartum : Oct.  21 , 196 1 , 8 : 2 0  a . m. ,  7 8  beats  per minute  
Prepartum� Oct . 2 3 D 1961 , 8 ; 1 5 a . m . , 96  be ats per minut e 
Part uri t ion !  Oct . 2 3 ,  1 96 1 ,  1 : 0 2  p. m. , 144  beats per minute 
Post parturn :  O ct .  30 , 1961 , 8 : 0 5 a. m . , 60  beats per minute 
Figure VI I. Ele ctrocardiographs of prepartum , parturit i on , 
and post parturn heart rates for cow number 216 9 
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Table s . Compari on of Number and Dur tion of 
Strain Contractions During Parturit ion 
Cow umber 2169: Parturition 
12: 51-12 : 52 p. m. 
10 contractions 
per minute 
duration 
( seconds )  
4. 0 
2. 0 
2. 8 
2.0 
2. 4 
3. 2 
2. 8 
2. 8 
2. 8 
2 . a 
2. 7 ave. 
12 : 56-12 : 57 p. m . 
11 contraction 
per inut e 
duration 
(seconds) 
2. 4 
2. 4 
2. 4 
2. 8 
2.4 
2. 4  
2. 0 
2 . 4  
2. 4 
2 .4 
2. 0 
2. 3 ve. 
Cow Number 35 :  Parturition 
8 :  0 8- 8 :  09 p. m. 
22 contractions 
per minute 
duration 
(seconds) 
. B  
. a 
1. 0 
1. 4  
1 . 0  
1. 2 
l.2 
1. 2  
1 . 0  
1. 2 
1. 2  
1 : 01 p.m. ,  Oct. 2 3, 1961 
12: 57�12 : 58 p. m. 12: 59-l z OO p. m. 
9 contractions 14 cont ractions 
per minute per minut e 
durat ion duration 
(seconds } 
4. 0 
2. 8 
2 .4 
3. 2 
2 . 8  
2.4 
2. 8 
2. 8 
4. 8 
3. 1 ave. 
( seconds ) 
3 .2  
3.2 
4.0 
4 . 0  
3.2 
2 . 8 
4. 0 
2. 4 
3.2 
2 . 8 
2.4 
3.2 
2. 4 
2 . 0  
3. 0 ave. 
8 : 2 8  p. m. 2 May 20, 1962 
8 c l 8-8 :  19 p. • 
16 contractions 
per minute 
duration 
(seconds )  
2. 0 
1. 6 
1. 6 
1. 8 
1. 6 
1. 6 
1. 8 
2. 0 
2. 0 
2 . 0  
2. 2 
Table 5 (Continued) 
Cow Number 35 : Parturit ion 8 : 28 p. m. , May 202 1962 
8 : 0 8-8 : 09 p. m. 
22 contractions 
per minute 
duration 
1. 0  
1. 4 
1. 4 
1. 4 
1 . 4  
1.6 
1 .6 
1 . 4  
1. 8 
1 . a  
l. 8 
1. 3 ave .  
8 : 18-8 : 19 p. m. 
16 contractions 
per minute 
duration 
2. 0 
2.0 
2.0 
2. 0 
2. 4 
1. 9 ave. 
Sheep Number 44 : Parturition 4 : 15 p. ·•  Jan . 21, 196 2 
4 : 03-4 : 04 p . m. 4 : 0 9-4 : 10 p.m. 4 : 13-4 : 14 p. m. 
8 contract ions 12 contraction 13 contractions 
per minute er minute per minute 
dUI'ation duration duration 
4 : 14-4 :15 p. m. 
13  contractions 
per minute 
duration 
( seconds ) 
1. 4 
l.6 
1.4 
1.6 
l . 4  
1 . 0  
1. 4 
1 . 0  
1 .  3 ave . 
(seconds) 
2.0 
1 . 8 
1 . 2  
2. 0 
2 . �  
1. 6 
2.4 
l . 6 
2. 0 
2. 0 
1. 2 
2. 0 
1.  8 ave .  
(seconds)  
2. 0 
2. 0 
2. 0 
2. 0 
2. 0 
2. 0 
2. 0 
. 8  
. 6  
1 . 4 
2. 2 
2 . 0 
2. 0 
1 . 8 ave. 
( seconds ) 
2. 0  
1. 8 
2. 0 
1. 0 
1 . 0  
1. 6 
. 8 
1. 6  
1. 0 
1. 8  
2. 2  
2.0 
2. 0 
1. 9 ave. 
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p. m., 11 contr ctions were recorded with an average duration o f  2. 3 
seconds. From 12 : 57 to 12 : 58 p. m., nine contraotions of 3 . 1 seconds 
average duration and from 12: 59 to 1 : 00 p. m., 14 contractions o f  3 . 0 
seconds average du.ration were recorded. Cow o. 35 c lved at 8 : 2 8 p. m. 
Between 8: 0 8  and 8: 09 p • •  , 22 contractions were recorde d with an 
average duration of 1. 3 seconds, and from 8: 18 to 8: 19 p. m., there were 
16 contractions , the average duration of whi ch was 1 . 9 seconds. Sheep 
i o . 44 lambed at 4: 15 p . m. From 4: 0 3  to 4: 04 p. m., there were e ight 
contractions with an average duration o f  1. 3  seconds. Between 4: 09 and 
4 : 10 p. m., there were 12 contractions, the average duration of which 
37 
was l .  8 seconds. An average duration of l. 8 seconds for 13 contractions 
was recorded between 4: 13 and 4 : 14 p. m. and an average duration of  1. 9 
seconds for 13 contractions from 4: 14 to 4 : 15 p . m. 
Figure VIII presents a sample recording from each ani al 's 
parturition record showing how the strain contractions appeared in 
relation to the heart beats. The distort d portions of the graphs 
represent the strain contract ions. 
The graphic recording of the strain contraction , in conj unction 
with parturition, was not initi lly a part of this study. A se rch of 
the literature failed to disclose any previous study in which the train 
contractions were r corded. The rapidity and duration o f  the contrac­
t ions was clearly ob servable during portions of the recordings on 
animals No. 2169, 35 and 44. In some instances, however, continued 
contraction of the muscles w as recorded without interruption. During 
the se t imes, it was difficult to determine the heart rate peaks and there 
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Cow umber 3 5 : May 20 , 19 6 2 , 8 : 19 p . m $ , 16 contract ions per minute 
Cow Number 2 16 9 :  Oct . 2 3 ,  196 1 , 12 : 5 9 p . m . , 14  contract ions per minute 
She ep Number 4 4 :  Jan . 2 7 ,  196 2 , 4 : 1 3 p . m . , 1 3  contract ions pe r minut e  
Figure VI I I . Electrocardiograph s  showing relat ion o f  s t rain 
contract i ons to heart beats during parturit ion 
was no rhythmic repetition o f  the train contractions. A possil:>le 
explanation for th is might be that the xten de d muscle eontr etion was 
not pro duced by parturition but by the actual. shifting in po ition by 
the prostrate animal. Si ilar recor dings, but of lesser uration, were 
recor de d  d ue to muscle contractions when a cow mooe d. 
The heart rates of cows No. 2169 and Ho. 35, during milking, are 
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hown in Table 6. The age d cow, o. 2169, maintained a steady rate of 
60 beats per minute dUFing the ntire first machine milJd.n a fter partu­
rition. The first calf heifer, o. 35, ha d a heart :rate between 90 an d 
96 beats p r  minute during the f irst mach ine ilking after parturition. 
The effeQt of oxytoein inj eetion on the followin g  day increase d the 
h art rate from 108 to 114 beats per minute. The heart rate return d 
to a low of 102 b ats per minute during milking. A h eart rate of 78  
beats per minute was the h ighest recor de d during milking on o. 35, ix  
days postpartum. 
A coaparison of the heart rates durin udlking betw en eow o .  
21.69 and No . 35 emphasi zes the neeessi ty for conditioning the heifer to 
the milking proce dure during th be  inning of the first lactation . The 
fear an d exc itement of a new experience ean be rea dily een in the first 
mach ine recording for cow o. 35. The in jection of oxytocin also caus e d 
a t mporary increase in the heart rate attributable to pain an d fear. 
The eff cts of only a few days of gentle han dling is  evident by the total 
?'e duction in heart rate during milking on the sixth day. 
The age d cow. o. 2169, disp1aye d no increase d h art rate a 
hown by cow o. 35 durin the first m chin ilking. possible 
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Table 6. Comparison of Heart Rates  of Cows During Milking 
Time 
4 : 00 p . m. 
4 : 0 5 p. m. 
4 : 06 p.m. 
4 : 09 p. m. 
4 : 10 p. m. 
4- : 12 p. m. 
4 : 14 p. m. 
4 : 15 p. m. 
- - - - -
4 :  30 p. m. 
4 : 45 p. m. 
4 s 46 p. m. 
4 : 48 p . m. 
4 : 49 p. m. 
4 : 50 p . m. 
4 : 5 2  p. m. 
- -
4 : 15  
4 : 17 
4 : 1 8 
4 : 21 
4 : 22 
4 : 2 3 
4 : 24 
- -
4 : 30 
4 : 31 
4 : 33 
4 : 34 
4 : 37 
- - -
p. m. 
p.m. 
p.m. 
p. m. 
p. m. 
p. m. 
p. m. 
- - -
p.m. 
p.m. 
p .m. 
p. m. 
p.m. 
.. -
- -
... ..  
-
-
-
Cow umber 2169 - Oct. 251 1961 
Heart beats per minute Comments 
- - -
- - -
- - -
54 
66 
60 
60 
60 
60 
60 
60 
- - - - -
Cow Number 
- -
Cow 
Cow 
96 
102 
- .. 
96 
96 
90 
96 
90 
-
Number 
10 8 
108 
10 8 
114 
102 
102 
102 
- -
Number 
78 
84 
78 
78 
72 
35 -
-
35 -
35 -
... -
Mal!: 
- -
ai 
Ma;l 
Pre milking, cow lying down 
Cow standing up 
Washing udder 
Machine on 
Milking 
Milking 
Started machine stripping 
Machine off 
- - - - - - - ........ - - - - - - -
211 
.. -
22. 
- -
26 1 
196 2 
Premilking, cow standing 
Milker entering pen 
Washing udder 
aebine on 
Milking 
Co kicked 
ach ine off 
- -
196 2  
- - - - -
Pre-oxytocin, 
Wash ing udd r 
... - .. - -
premilking 
Oxytocin inject d 
Machine on 
Milking 
Milkin 
Mach ine off - .. -
196 2 
- - -
Pre milking, 
- -
cow 
Milker entering 
Washin udder 
M chine on 
Machine off 
- - - -
s tand ing 
pen 
- -
- -
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e xplanation for this would be t hat previous association with the milking 
act had be n pleasant and consequently no undue apprehension developed. 
Figu.r IX shows the graphic effect of  anesthesia on the heart 
rate of cow No . 35 and sheep No . 44 . The anesthesia e ffect produced a 
heart rate of 144 beats per minute on the cow . which is comparable to 
the peak heart rate at parturit ion . The anesthesia effect produced a 
heart rate of 228 b eats per minute on the sheep. Thi heart rate is 
more than twic that of the maximum attained during parturition for 
this animal . 
The r cordings on cow fo. 35 and sheep No . 41* were taken after 
completion of the operative procedure. At this time the animals were 
in the process of regaining consciousness and probably were in a state 
of hyperexcitability .  Visual observations , comparing the respiration 
rate during th operation and time of the recordings , indicated a much 
slower rate durin the operation than during the ost operative period. 
Thi obs rvation ould probably be also indicative of the heart rate . 
The developm nt of radio tele etry has eombin d the talents of 
the e1ectrieal engin er and the animal scientist. The result has created 
a new appro ch to animal investigations . With radio telemetry ,  animal 
behavior can be studied continuously under normal conditions . This 
type of investigation has been impossible in the past using standard 
equip ent. Aft r the init ial implantation . no further contact is 
nece ssary between the animal and the investigator .  The distortion of 
r sul.t s  in previous e xperiments caused by restraints , wires, skin 
irritations and unnatural surroundings has been removed.  
: : Ll ;:! EJii 1111!!!· n: zit: t1 : i  !'.I : : : :  1!: " :!i: : , : ,  : : : :  :i :i;:  :H' Iii' :n I: :; : : :  : : : :  ; ; : :  ;:, :in I J: ;!:' 1:;: •: ! : H :  �: " :� �: ;1,_,:�· ::'._J :;;: !,. :�:, :, " 1;: . ;,i ;': :·: rll! ;?:l 1;;: 
She ep Number L� 4 !  Jan . 20 , 19 6 2 , 2 2 8  beats per minute 
Cow Number 35 : Feb .. 2 8  1 9 6 2 ,  144 beats per minute 
Figure I X .  Elect ro cardiographs showing the effect of  
anesthes ia on  heart rate 
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In th future , further telemetric investigation s  of various 
biological processes will depend on the further perfection o f  the teleme• 
try units . ·ach unit will of n .cessity need to be o.onstructed for a 
specific type of investigation .  In the field o f  heart study , the 
development of uni ts with a greater range of transmission and longer 
battery life will ena le the investigator to c.ontinuously collect data 
over e xtended periods of time. For example . a complete gestation record 
from the day of conception to parturition may be possible in the future. 
A tremendous new field of research is possible using telemetry .  ot 
onl.y will an investigator be able to record heretofore elusive physio­
logical. processes ,  such as normal bas al changes in heart :riate and 
temperature , but radio telemetry can become a valuable tool for the 
animal n utritionist in determining the effects of feedstuffs on the 
physiological. processes of the animal. A great amount of wor remains 
to be done in the fields related to the mysterious functions in vol v d 
in the biological processes. The fut ure use of radio telemetry stands 
as a possibl.e solution to som of the many problems . 
1�4 
SUMMARY AND CONCLUSIONS 
A technique was develop d for the su gical implantat ion of radio 
tr: nsmi tter units into experimental animals. Rad o tel.emetcy was then 
used to obtain electrocardiograph ic data. Two aged cows, two heif rs 
and t ,o sheep were used. R cordings to det er ine heart rate were  taken 
daily for each animal after a postoperative conv alescent period . The 
recoroings w >e continued tbr ugh parturition unt il a stable heart rate 
was reestablished. The recordings tak -ii during parturition were begun 
a the f irst s igns of labor d continued at intervals thro h the 
d elivery of the fetus. Strain contra·otions d uring parturition, effect 
of anesthesia.  and heart rate changes during mil.king ere also recorded. 
The results indicated a gradual daily rise in heart rate as 
part uritio .. was appt"oached. During partur ition • the a ximwn heart rate 
incr ased to 150 beats per minute for cow No . 35  • and l.56 be ts par 
minute for both  sheep. The maximWD number of strain eontr otions 
r corded during a one minute period was 22  for cow o. 35 and 13 for 
sheep I o. 44. The maximum average duration of each eon ·traction was l. a 
s oonds for co o. 35 and l. 
from nesthesi • the haart rat 
seconds for sheep No. 44. During recovery 
for cow o. 35 increased to 144 beats 
per minute and a heart r ate of 228  beats per m1nut was recorded for 
sheep No . ,,. . ecordings taken during the first machine milking on the 
aged cow No. 2 169 showed no increase in hea rt  rat e. The heart rate 
during the first mac hine milking on the No. 35 heifer was cons i derably 
higher, 96 � when compared to 60 for the aged cow. Six days po t partum, 
the heart rat d crea d during milking to 78 beats per minute on cow 
No . 35 . The effect of oxytocin inj ection was also recorded on cow No -. 
35 during milking . The heart rate increased to a maximum of 114 beats 
per minute following inje ction and decreased to 102 be ats per minute 
durin g milking ,. 
45 
l . 
LITE TURE CITLD 
Alf redson, B. v . , and J. F. Sykes. 
Studies in ormal Dairy C ttl . 
1942. Electrocardiograph 
J. Agr. Re . 65 : 2. 
46 
2. Darr, • L. 1954. Radio Tr nsmission of Physiological Infor t ation. 
tilitary Surgeon 114 : 2. 
3 .  ombrovski i ,  L . s . , and v .  v. Rozengl t. l 59. 
of the Heart t in Fr ely Moving Subj ect • 
'J5 :  6 {translated by R. Crawford ) . 
Ra io Recor d ing 
Fiziol. Zh. SSSR 
4. Eintho n . W. 1 906. L Telecar iogramme. Ar ch. Intern. Physiol. 
� s l 32 ( ummary as found in Experim nt l Physiology (3r d  ed. ) •  1958 , 
Burges Publishing Co. , Min eapolis . �inn. ). 
5. Es l.er , w. o .  1 961. Radio 'felemetr of Electrocard iogr am and 
Body Temperatures fro Surgically I plant d Trans itters . State 
Univ. of Iowa St ud ies in iatur. His . 20 : 4. 
6. Ett lson, B • •  , l • •  Cooper 9 M • • eaupr • T. Fre dman. L. G . 
7. 
Thros 11, and B. p • nc. 1961. Int ernal Ani al Telemetry: 
Feasibility Test Progra . A. R. S. Journal . Sept. 
Kaeburn 9 L. 19 5 9. Space Canaries-Implioi t Biological Monitoring. 
Pa r presented a A • •  s . 14th  A • Meet. . shington , D. c .  
8. Larks , s .  D • •  L. W. Holm, and I .  R. Park r. 196 . A {ew T chnic 
f or th Demo tration of th Fetal El ctrocardiogram in the 
L rge Do estic Animal (Cattle . She p, and Hors ). Cornell 
Vet. 50 : 4. 
9. Le unyan , c. D. , • White , E. Nyb r g ,  an J. J. Christian. 1959. 
Design of 1iniature R dio Transmitter for Use in Animal Studies. 
J . Wildlife Mgt. 23 : l . 
10. Macl<ay, R. s . , and B. Jacobson. 1957. Endoradiosondes . M ture 
179 : 12 39. 
11. Parker 9 G. s • •  c .  c. Break 11 , and r . Chr i toph r on. 1953. 
12. 
Tr nsmission by Ra d io of the Electrocar d iogram and Electroencepha­
logram of the Human Subject Mov ing Freely About. Lancet 1 . 26. 
Sulliv n, G. H. , and A. D. B�edon. l 61. 
Tele try Sy tem. Paper present d at 
Conf. , Chicago •  Ill. 
Biotel- an Biological 
ati.onal Telemeteri 
1 3 .  Sullivan, G .  H - , T .  A . Schulkins, and T .  Freedman . 1961 . Inter­
nalized Animal Telemetry Biomedical and Surgical  Considerat ions o 
Paper presented at Aerospace Med. Assoc . � 32nd Ann . Meet . , 
Chicago, Ill .  
14. Sykes , J .  F ., and B. V .  Alfredson . 1940 . Studies on the Bovine 
Electrocardiogram. I .  Ele ctrocardiographic Changes in C alv es 
on Low Potassiu Rations . Proc . Soc . Exp . Biol . 4 3 : 575 . 
15 . Sykes , J .  F . , J .  w. Thomas � and L . A. oore . 195 2 . Observations 
on the Electrocard iograms of Cattle Fed Tbyroprotein . J .  
An imal Sci . 11 : � . 
47 
48 
APPE DIX A 
Table 7 . Complete Heart Rat Data for Cow Number 2169 
Heart rate eart rate 
Date Time beats/minute Date Time beats/minute 
Oct. 2 8 : 05 a.m. 72 Oct. 23 12 : 05 p .m . 96 " 3 8 : 10 a.m. 72 " 12 : 0 8 p.m. 108 " 4 8 : 05 a.m. 72 It 23  12 1 11 p.m. 96 " 5 8 : 15 a.m. 78 " 2 3  12 : 18 p.m. 90  
tt 6 8 : 20 a.m. 72 f f  2 3  12: 25 p.m. 102 
t i  7 8 : 15 a.m. 78 It 2 3  12 : 35 p.m .  J.0 8 " 9 8 sl 5  a.m. 84 ft 2 3  12 : 45  p.m . 120 
n 10 8 : 20 a.m . 72 " 2 3  12: 48 p.m. 120 " l·l 8 : 05 a.m. 78  tt 2 3  12 : 50 p. m. 114 
H 1 2  8 : 10 a.m. 78 II 2 3  12 : 51 p.m. 120 " 13 8 : 15 a.m. 84 n 2 3  12: 5 2  p .m. 114 
H 14 8 i 05  a .m. 78 ft 2 3  12: 56 p.m. 126 " 15 11 : 15 a .m. 90 tt  2 3  12 s 5 7  p . tn. 120 
16 8 : 15 a .m. 78 " 23 12:, 57  p.m. 1 38 " 17 8 t 0 5 a.m. 84 II 23  12: 57  p. m. 126 " 18 8 : 10 a.m. 84 " 2 3  12: 58  p .m. 1 26 " 19 3 : 00 p .m .  90 " 2 3  12 : 58 p.m. 108  
n 2 3  12: 5 9  p .m . 120 
u 20 8 t 20 a.m .  96 " 2 3  1 : 00  p.m. 120 " 20  12 : 45 p.m. 84 Parturition " 20 5 : 15 p .m. 78 u 2 3  1: 01 p.m. lft4 
fl 20 10 : 20 p.m. 78 " 2 3  l : 0 2  p. m. 20 " 2 3  1 : 10 p . m .  108 
n 21  8 : 20 a. m.  78  " 2 3  1 : 15  p.m . 126 " 21 2 : 45 p.m. 72 u 2 3  1: 18 p.m. 108 " 21 6 : 40 p.m.  7 2  " 2 3  1 : 2 0  p .m . 120 
tt 21 10 : 10 p.m .  96 " 2 3  1 : 22  p.m . 90 
n 2 3  1 : 2 5  p .m . 96 " 22 8 : 45  a.m .  90 ff 23  1: 30 p .m . 84 
H 22 10 : 50 a.m. 96 " 2 3  2 : 00 p.m. 90 " 2 2  2 : 45 p.m. 84 " 23 2 : 0 5  p .m. 96 " 22 6 : 20 p. m. 90 n 2 3  2 : 10 p.m. 90  
ft 2 3  3 : 45 p.m . 84 
tf 2 3  8 : 15 a . m .  90 " 2 3  4 : 0 5  p. m. 84 " 2 3  11 : 35 a.m .  120 II 2 3  5 : 30 p.m. 78  " 2 3  11 : 40 a. m.  90 It 23  8 : 50 p .m .  72 
u 2 3  11: 41 a. m. 120 
f l  2 3  11 : 48 a.m.  96 II 24 8 : 20 a.m. 78  " 2 3  11 : O a.m. 90 ft 24 1 : 30 p .m. 72 " 2 3  11: 5 3  a.m .  90 " 24 5 : 30 p.m. 7 8  
tt 2 3  11: 58  a.m.  108 " 24 8: 15 p . m. 72 
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Tabl 7 (Continued) 
Heart rate Heart rat 
Date Time beats/minute Date Time beats/minute 
Oot .  2 5  8 : 10 a. m. 72 
tf 25 1 : 10 p . m. 72 
25  8 : 50 . m. 72 
tt 26 8 : 10 a.m. 72  
26 2 : 45 p.m. 66 
" 2 7  8 : 10 a.m.  60 
" 30 8 : 05 a.m.  60 
" 31 8 : 25 a.m. 60 
tt 31 1: 35 p.m. 60 
ov. l 8 : 05 a. m. 60 
" 3 8 : 05 a.m. 66 
,, 6 8 : 25 a.m. 72 
" 7 11: 15 a .m .  60  " 7 1 : 10 p.m. 5 4  
" 8 8 • 10 a . m .  54 
" 10 8 : 10 a .m. 60 
" 13 4: 30 p. 72 • 
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APPE DIX B 
Table 8 .  Complete Heart Rate Data  for Cow umber 9 86 
Heart rate 
Date Ti beats/minute 
Oct . 16 8 : 20 a. m . 72 " 17 8 : 45 a .m. 66 " 18 8:  30 a. m. 66 " 19 1: 15 p. m. 96 " 20 8 : 20 a. m. 84 " 21 8 : 25 a. m. 84 " 22  8 : 45 a . m. 84 " 2 3  8 : 15 a.m. 72  " 23 8 : 50 p.m. 78 " 24 l :  30 . m. 84 
issed partur ition ( 6 : 4 5 p • . • ) 
24 6 r 5 3  p . m. 96 
tf 24 7 : 00  p. m. 102 
n 24 7 : 05  p. m. 96 " 24 7 : 25 p. m. 96 " 24 7 : 30 p. m. 96 " 24 7 :  35 p. m. 102 " 24 7 : 55 p. m. 84 " 24 8 : 10 p. m. 78 " 24 8 : 30 p. m. 72 
" 25  8 : 15 a.m. 78 " 25 8 : 50 p.m. 72 
" 26 8 : 10 a.m. 72  
" 27 8 : 10 a. m. 66  
" 31 8 : 15 a.m. 60 
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APPE DIX  C 
Table 9. Complete Heart Rate Data for Cow umber 169 
Heart rate Heart rate 
Date Time beats/minute Date T ime b ats/minute 
ar. 6 4 : 00 p . m . 72 Apr. 27 12: 15 a. m. 108 " 7 4 : 20 p .m .  96 " 27 12 : 25 a. m . 108 
ti 8 1 : 15 p . m .  84 t t  27  12 ; 30 a. m. 108 " 17 8 : 25 a .m . 72  " 2 7  12 ; 35 a. m. 108 
n 18 11 : 00 a .m .  1 0 2  ft 27  12 : 37 a. . m .  108 " 19 8 : 10 a.m. 96 " 27 12 : 38 a. m . 108 " 20 8 : 10 a . m . 72 ti 27 12 : 40 a. m .  108 " 21  8 : 10 a. m. 72 .. 27 12 : 45 a . m . 120 " 22 8 : 15 a .m .  78  " 2 7  12 : 50 a.m . 108 " 23 8 : 15 a .m. 84 " 2 7  12 : 5 5 a. m . 108 " 24 8 : 4 5 a . m. 8 4  ft 27 1: 00 a. m.  108 " 2 5  1: 00 p .m. 102  ti 27 1 : 06 a .m .  120 " 26 8 : 15 a . m. 84 n 27  1 : 0 8 a. m. 108 " 2 7  8 : 30 a.m. 102 " 27  1 : 10 a . m. 108 " 2 8  8 : 15 a . m. 90 " 27 1 : 14 a. m . 10 8 " 29 8 : 15 a.m. 96  " 27  1: 15 a.m. 108 " 30 8 : 15 a .m . 84  " 27 1 : 16 a .m .  114 " 27 1 : 20 a.m .  108 
Apr. l 11 : 00 a .m .  7 2  " 2 7  1 : 22 a.m. 102 " 2 8 : 15 a .m. 96 " 2 7  1 : 27 a .m.  114 " 3 8 : 1 5 a . m. 84 " 27 l:  30 a .m .  120 " 4 8: 15  a.m. 7 2  tt 2 7  1 : 40 a. m .  120 " 5 8 : 15 a. m. 90 " 2 7  1: 45 a .m. 126 " 6 8 : 15 a .m. 66 n 27 1: 50  a .m. 120 
H 7 8: 15 a .m. 10 2  " 2 7  1 : 55  a . m . 120 " 1 3  8 : 15 a. m. 7 8  " 2 7  1 : 58 a. m. 120 " 16 2 : 00 p . m . 84 " 2 7  2 : 0 0  a . m . 120 " 17 8 : 15 a.m. 78 1t 27 2 : 0 2 a . m .  120 " 18  8 :  l.5  a . rn .  102 " 2 7  2 : 0 5  a. m. 126 " 19 8: 15 a. m. 96 " 27  2 : 10 a . m. 126 
'1  2 0  8 : 15 a. m. 96 " 27 2 : 15 a. m. 126 " 21 8 : 15 a. m. 90 " 2 7  2 : 20 a.m. 126 
I I  2 3  8 : 15 a. m. 9 0  " 27  2 : 2 5  a .m. 126 
f1 24 8: 15 a.m. 90  " 27  2 : 30 a .m .  126 " 2 5 8 : 15 a .m .  96 " 27 2 : 40 a.m. 132 " 26 8: 15 a. m. 102 ti 27  2 : 45 a .m. 126 
ft 27  2 : 50 a .m. 126 " 2 7  2: 5 5  a.m. 126 " 27  3 : 00  a.m . 132 " 2 7  3 : 0 8 a. m. 144 
n 2 7  3 : 10 a.m. 126 
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Table 9 (Continue d )  
Heart rate Heart rate 
Date Time beats/minute Date Time beats /minute 
Apr. 27 3 : 10 a. m. 132 
Parturition " 27 3 : 11 a.m. llf.4 
ft 27 3 : 12 a.m. 144 
tt 27 3t l3 a.m. 132 " 27 3 : 15 a.m. 126 " 27 3 : 17 a.m. 132 " 27 3 : 2 5  a.m. 132 " 27 3: 30 a. 126 • 
H 27 3: 35 a.m. 120 " 27 3 : 40 a.m. 114 " 2·7 3 : 45  a. m. 108 " 27 3 : 50 a.m. 114 
H 27 3 : 55 a. m. 108 " 27 4 : 00 a.m. 108 
" 28 8 : 15 a. m. 84 
u 29 ll c OO a.m. 90 
" 30 8 : 15 a.m. 84 
May l 8 : 15 a.m. 78 
. . 2 8 : 15 a. m. 84 
tf 3 8 : 15 a. m. 78 " 4 8 : 15 a.m. 7 8  
" 5 8 : 15 a.m. 78 
" 7 8 : 15 a. m. 84 
" 8 8 : 15 a.m. 84 
" 9 8 : 15 a. rn. 90 
" 11 8 : 15 a. m. 84 
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APPENDIX D 
Table 10. Complete Heart Rat Data for Cow Nutnher 35 
Heart rate Heart rate 
·oate Time beats /minute Date Time beats/minute 
Mar. 1 1 : 00  p. m. 96 Apr. 12 8 : 15 a , m .  114 
ft 2 8 : 15 a.m. 102 " 1 3  8 : 15 a.m. 114 " 3 11 : 30 a. m. 120 n 14 8 : 15 . m. 108 " 4 11 : 30 a.m. 90 " 15 11: 15 a.m. 102 
tt 5 2 : 30 p. m. 90 t1  16 8: 15 a.m. 108 " 6 4 : 00 p.m. 84 " 17 8 : 15 a.m. 102 " 7 2 : 00 p.m. 90 " 1 8  8: 15 a. m. 10 2 
H 8 1 : 15 p .m .  84 " 19 8 : 15 a.m. 96 
n 10 a, 30 a.m. 90 ft 20  8 : 15 a.m. 96 " 11 11 : 30 a.m. 96 I t  21 8 : 15 a.m. 102 " 12 9 : 20 a.m. 78 ft 2 3  8: 15 a.m. 10 2 
u 14 8 : 10 a.m. 84 ff 24 8 : 15 a. m. 102 " 15 8 : 10 a.m. 96 " 2 5 8 : 15 a.m. 108 " 16 9 : 30 a.m. 90 " 26 8 t 15 a.m. 114 
ff 17  8 : 25 a.m. 84 " 27  8 : 15 a .m . 96 
tt 18 11 : 00 a.m. 90 tt 28 8 : 15 a.m. 102 " 19 8 : 10 a.m. 120 tt 29 11 : 00 a.m. 96 " 20 11 : 15 a.m. 90 ti 30 8 : 15 a. m .  102 
fl 21 8 : 15 a.m. 114 " 22 8 : 15 a.m. 90 May 1 8 : 15 a.m. 102 
n 2 3  S : 15 a.m. 102 tt 2 8 : 15 a.m.  96 " 24 8 : 25 a.m. 102 tt 3 8 : .1 5  a.m. 102 " 2 5  1 : 00 p .rn.  102 " 4 8 : 15 a.m. 84 " 26 8 : 15 a.m. 102 " 4 1 : 15 p. m .  96 " 27 8 : 80 a.m. 102 " 5 8: 15 . m. 90 
If 28 8 : 15 a.m. 102 " 6 8 : 15 a. m. 102 
tt 29 8 : 15  a. m. 102 " 1 8 : 15 a. m. 84 " 30 8 : 15 a.m. 102 " 8 8 : 15 a. m. 90 " 31 8 : 15 a.m. 96 ti 9 8 : 15 a.m. 90 " 10 8: 15 a. m. 102 
Apr. l 11 : 00 � . m. 102 " 11 8 : 15 a.m. 90 
H 2 8 : 15  a.m. 120 " 12 8 : 15 a.m. 90  " 3 8 : 1 5  a.m. 102 " 1 3  11 : 00 a . m. 90 " 4 8 : 15 a.m. 102 " 1 3  8 : 15 a.m.  102 " 5 8 : 15 a.m. 96 " 14 8 : 15 a. m. 96 " 6 8: 15 a ,m. 102 " 15  8 : 15 a. m. 96 " 7 8 : 15 a.m. 114 " 16 8 : 15 a. m. 96 " 8 10 : 00 a.m. 114 H 16 2 : 30 p . m. 108  " 9 8 : 10 a.m. 96 " 11 8 : 15 a. m. 96 " 10 8 : 15  a.m. 96 u 1 8  8 : 15 a . m. 84 " 11 8 : 15 a.m. 108  " 19 8 : 15 . m. 90 
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Table lO (Continued) 
Heart rate Heart r te 
Date Time beats/minut Date Time beats/minute 
May 20 11: 00 a.m. 102 May 20 8 : 22 p.m. 138 
n 20 3 : 0 0  p.m. 102 " 20 8 : 25 p .. m. 126 " 20 3 : 30 p.m. 114 H 20 8 : 28 p.m. 146 '' 20 4 : 0 0  p.m. 102 Parturition " 20 4 : 15 p.m. 102 " 20 8 : 32 p .m. 1 38 " 20 4 : 30 p.m. 102 ti 20 8 : 55 .m .  138 " 20 4 : 45 p.m. 96 " 20 9 : 00 p.m. 138 
tt 20  5 : 00 p.m. 96 u 20 9 : 20 p.m. 126 
It 20 5 : 15 p.m. 96  " 21 8 ; 15 a .m. 84 " 20 5 : 30 p.m. 120 " 21 4 : 15 p .m. 84 
n 20 5 : 45 p.m. 10 2 " 20. 6 : 00 p.m . l.14 " 22  8: 15 a .m. 96 " 2 0  6: 15 p .m. 108 
n 20 6 : 30 p.m. 114 " 2 3  8 : 15 a.m. 90  " 2 0  6 : 45 .m.  102 " 20  7: 0 0  p.m. 108 ft 24 8 : 15 a..m.  84  
ft 20 7 : 01 p.m. 108 " 20 7 : 05 p.m. 108 " 2 5  8 : 15 a .m. 84 " 20 7 : 18 p.m. 132 
tt 20  7 : 22 • m. 120 " 26 8 : 15 a .m • 78 " 2 0  7 : 25 p.m. 114 
tt 20  7: 27 p. m. 114 ' 27 11: 00 a . m .  96  
tt 20  7 : 30 p.m. 108 " 20 7 : 35 p.m. 120 n 28  8 : 15 a . m . 96 " 2 0  7: 37 p.m. 96 " 2 0  7 : 40 p.m. 90 " 29 8 : 15 a . m. 7 2  " 20  7: 14-2 p .m. 120 " 20 7: 45 p.m . 114 ,, 30 8 : 15 a . m . 7 8  
fl 2 0  7 : 47 p . m. 120 " 20 7 : 50 p.m. 1 32 " 31 8 : 15 a .m. 66 
tf 20 7 : 5 3  p.m. 132 
tt 20 7: 55 p.m. 120 June l 8 : 15 a . m .  6 6  " 20 a , oo p.m. 126 " 20 8 : 01 p.m.  1 38 " 20 8 : 05  p .m. 1 38 " 20 8 : 10 p. m. 1 38 
ft 20 8 : 14 p.m. 120 
t t  20 8 1 1 8 p . m. 150 
t1 20 8 : 20 p. m. 114 " 20 8 : 21 p.m. 146 
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APPENDIX £ 
able ll. Complete H art Rate Data for Sheep umber 44 
Heart rate 
Dat Ti beats/  inute 
Jan. 21 8 tl5 a . • 102 
t t  2 3  8 : 15 a . m. 108 
It 26 8 : 20 a .m. 102 
tr 27 8 : 15 p.m. 132 
ft 27 3 ; 48 a .  108 • 
tl 27 4 : 00 p . m . 198 
ti 27 4: 02 p . m. 138 " 27 4 0 3  p . m. 144 " 27 4 : 08 p . m .  156 " 27 4 : 10 p . m. 16 2 " 27 4 : J.3 p.m. 138 " 27 4 : 14 p .  138 • 
Parturition 
tt 27 4: 15 p . m. 156 
Jan. 29 3 : 00 p .m .  102 
tt 30 8 : 15 a.m .  96 
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APPE DIX F 
able 12 . Co pl te Heart Rate Data for Sheep wnber 48 
Heart rate 
Date Time beats/minute 
ar. 5 8 : 15 a.m. 102 
ff 6 8 : 15 a. m. 108 " 7 8 : 10 a.m. 10 8 " 8 8 : 15 a.m. 114 " 9 8 : 20 a. m. 108 " 10 8 : 15 a. m. 102 " ll 8 : 15 a. m. 108 
n 12 8 : 30 a . m. 16 2 " 12 8: 35 a. m. 162 " 1 2  8 : 40 a. m. 150 " 12 8 : 45 a. m. 138 
tt 12 8 : 55 a . m . 144 " 12 8 : 5 8 a. m. 156 
H 12 8 : 58 a. m. 156 
ff 12  8 : 59 a . m. 126 " 12 9 : 00 a . m. 138 " 12 9 : 01 a. 144 • " 12 9- : 05  a. m. 138 " 12 9 : 10 a . m. 150 
n 12 9 : 12 a. m. 150 " 12 9 : 15 a. m. 15 
Parturition " 12 9 : 18 a. m. 150 
n 12  9 : 20 a. m.  150 " 12 9 : 30 a. m. 138 " 12 9 : 40 a.m. 144 " 12 10 : 00 a. 138 • 
Mar. 14 8 : 15 a. m. 126 
" 15 8 : 15 a. • 120 
